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The presence of subAB was investigated for 3,453 Escherichia coli strains of various pathogenic categories.
The occurrence of other virulence genes in subAB-positive strains was investigated. The subAB operon was
detected among some Shiga toxin-producing E. coli (STEC) serotypes devoid of eae and carrying ehxA. Most
subAB-positive strains also harbored stx2, iha, saa, and lpfAO113.
Subtilase cytotoxin, a new member of the AB5 toxin family,
was identified for the first time in 2004 in a virulent O113:H21
Shiga toxin-producing Escherichia coli (STEC) strain that
caused an outbreak of hemolytic-uremic syndrome in South
Australia (16, 18). The presence of subAB genes was further
detected in other STEC strains belonging to different serotypes
(19). Subsequently, subAB genes were identified among STEC
strains isolated in other countries (3, 8, 9, 14, 25).
To evaluate how widely distributed the subAB operon is, we
studied a large collection of STEC serotypes from nonhuman
sources and E. coli strains of different pathogenic categories
associated with human infections. The subAB-positive strains
were further characterized regarding the presence of other
virulence genes.
A total of 2,255 E. coli strains isolated from humans and
belonging to enteropathogenic E. coli (EPEC), enterotoxigenic
E. coli (ETEC), enteroinvasive E. coli (EIEC), enteroaggrega-
tive E. coli (EAEC), extraintestinal pathogenic E. coli
(ExPEC), and E. coli strains not belonging to the diarrheagenic
categories described so far were randomly selected. STEC
strains isolated in Brazil from humans have previously been
tested for the presence of subAB by our group (3). The 1,198
STEC strains from nonhuman sources were isolated from dairy
cattle, beef cattle, buffaloes, and goats. Overall, 109 different
STEC serotypes were tested. An STEC strain of serotype
O113:H21 (3) was used as a reference strain for subAB, cdt-V,
and lpfAO113, and E. coli strain DH5 was used as a negative
control.
The strains were screened for the presence of the subAB
operon (encoding subtilase cytotoxin) using colony hybridiza-
tion assays (21). The 1,823-bp subAB-specific DNA probe was
derived from the STEC serotype O113:H21 (3) strain by PCR
as previously described (19). Hybridization assays were per-
formed under stringent conditions, and the probe was labeled
with [-32P]dCTP (Amersham), using the Ready-To-Go DNA
labeling kit (Amersham). All strains which yielded a positive or
weak signal in hybridization assays with the subAB probe were
retested by PCR (18, 19), and only those confirmed by PCR
were considered to be carrying this sequence.
The genetic profiles of the subAB-positive strains were
determined using our previously reported data for the same
strains (6, 7, 12, 13, 20, 24) regarding the presence of the
ehxA, eae, stx1, stx2, and adhesin-encoding genes (1, 10, 11,
15, 17, 22, 23).
A total of 130 STEC strains carrying the subAB operon,
representative of each serotype and isolated from different
animals, were analyzed by PCR for the presence of genes
encoding LpfO113 and cytolethal distending toxin (Cdt-V)
(2, 5).
Expression of the SubAB and Cdt-V toxins was investi-
gated using Chinese hamster ovary cells according to the
methods of Paton et al. (18) and Bielaszewska et al. (2),
respectively. Cells were exposed to filter-sterilized bacterial
culture supernatants and observed daily for a period of 7
days. To confirm the loss of viability or morphological
changes, trypan blue, violet crystal, and/or 4,6-diamidino-
2-phenylindole (DAPI) staining were performed. Control
strains were included in all assays.
As shown in Table 1, the subAB operon was detected exclu-
sively among STEC strains and corresponded to 25.5% (306/
1,198) of the STEC collection. The presence of subAB was
identified in 44.2% (141/319), 27.1% (29/107), and 23.8% (129/
542) of STEC strains isolated from dairy cattle, buffaloes, and
beef cattle, respectively. Only 3% (7/230) of STEC strains
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isolated from goat carried subAB. Among the 109 different
STEC serotypes tested, 21 carried the subAB operon. The
presence of the subAB operon probably is associated with some
STEC serotypes. In the present study, the rate of carriage of
this sequence within each serotype ranged from 5.5 to 100%
(Table 2). Among caprine STEC strains, only those belonging
to O113:H21 carried the subAB operon. A total of 306 (306/
1,198) STEC strains carrying subAB were detected. We have
previously reported that among 49 human STEC strains iso-
lated in Brazil, none carried the subAB sequence (3).
All strains carrying subAB were devoid of eae, and 59.8%
(183/306) were associated with strains possessing the stx2 gene
alone, 39.9% (122/306) were carrying stx1 plus stx2, and only
0.3% (1/306) carried stx1 alone, as previously reported (3, 8, 9,
14, 19). The most frequent adhesin-encoding genes among
STEC strains carrying the subAB operon were lpfAO113, iha,
and saa, and all strains also carried ehxA.
Among the 130 selected STEC strains carrying the subAB
operon, 98.5% (128/130) and 20% (26/130), respectively, har-
bored the lpfAO113 and cdt-V sequences. In STEC strains car-
rying the cdt-V gene, 54% and 23% of the isolates, respectively,
belonged to serotypes O116:H21 and O113:H21. Expression of
the subtilase cytotoxin was detected in 40.7% (53/130) of the
studied strains, while the cdt-V gene was expressed in 30.8%
(8/26) of the strains. We observed that 24.5% (13/53) of the
strains that expressed SubAB also harbored the cdt-V gene;
however, none of the isolates coexpressed both cytotoxins. This
result is in contrast with previous data in which coexpression of
SubAB and Cdt-V in STEC isolates of serotype O113:H21
occurred (4). The expression of subAB genes in a collection of
STEC strains belonging to several serotypes is reported here
for the first time. The production of this toxin had been seen
previously only in O113:H21 STEC (18).
To the best of our knowledge, the search for subAB in other
E. coli categories has not been described before, and the
present results showed that among E. coli strains, the subAB
gene sequence was distributed only among some STEC sero-
types.
This work was supported by Fundac¸a˜o de Amparo a` Pesquisa do
Estado de Sa˜o Paulo (FAPESP) grant 07/53313-05, Conselho Nacional
de Desenvolvimento Científico e Tecnolo´gico (CNPq, Brasília), and
Programa de Apoio a Nu´cleos de Exceleˆncia PRONEX MCT/CNPq/
FAPERJ.
REFERENCES
1. Beutin, L., M. A. Montenegro, I. Orskov, F. Orskov, J. Prada, S. Zimmer-
mann, and R. Stephan. 1989. Close association of verotoxin (Shiga-like
toxin) production with enterohemolysin production in strains of Escherichia
coli. J. Clin. Microbiol. 27:2559–2564.
2. Bielaszewska, M., M. Fell, L. Greune, R. Prager, A. Fruth, H. Tschape, M. A.
Schmidt, and H. Karch. 2004. Characterization of cytolethal distending toxin
genes and expression in Shiga toxin-producing Escherichia coli strains of
non-O157 serogroups. Infect. Immun. 72:1812–1816.
3. Cergole-Novella, M. C., L. S. Nishimura, L. F. Santos, K. Irino, T. M. I. Vaz,
A. M. M. Bergamini, and B. E. C. Guth. 2007. Distribution of virulence
profiles related to new toxin and putative adhesins in Shiga toxin-producing
TABLE 1. E. coli strains of different pathogenic categories
searched for the subAB operon
E. coli category Total no. ofstrains studied
No. (%) of
strains positive
for subAB
Enteropathogenic E. coli (EPEC)a 402 0
Enterotoxigenic E. coli (ETEC)b 264 0
Enteroinvasive E. coli (EIEC)c 266 0
Enteroaggregative E. coli (EAEC) 100 0
Extraintestinal E. coli (ExPEC)d 205 0
E. coli strains other than the
diarrheagenic categories
described so far
1,018 0
Shiga toxin-producing E. coli
(STEC) from nonhuman
sourcese
1,198 306 (25.5)
Total 3,453 306
a EPEC, strains of serogroups O25, O26, O55, O86, O111, O114, O119, O125,
O126, O127, O128, O142, and O158.
b ETEC strains ST/LT or both toxin producers.
c EIEC strains of serogroups O28, O29, O112, O124, O121, O135, O136,
O143, O144, O152, O159, O160, O164, O167, and O173.
d ExPEC E. coli strains isolated from blood, cerebrospinal fluid, and/or urine.
e STEC strains isolated from humans in Brazil have been previously tested by
us (3).
TABLE 2. Distribution and frequencies of subAB operon-positive
STEC serotypes isolated from dairy/beef cattle, buffalo, and goat
Serotype No. of strainstested
No. (%) of subAB-
positive strains
O39:H49a 11 9 (81.8)
O44:H25b 5 4 (80)
O59:H8c 1 1 (100)
O74:H28a 1 1 (100)
O74:Ha 3 3 (100)
O77:H18b,c 20 14 (70)
O79:H14a,b 35 34 (87.1)
O79:H28c 5 5 (100)
O79:Ha 8 8 (100)
O96:H19a 1 1 (100)
O96:H21a 5 5 (100)
O105:H18b 9 1 (11.1)
O113:H21a,b,d 52 36 (69.2)
O116:H21a,b,c 32 32 (100)
O141:H49b,c 18 18 (100)
O153:H25b 5 5 (100)
O163:Ha 1 1 (100)
O163:H19a,b 3 3 (100)
O174:H28a 1 1 (100)
O176:H18a 2 2 (100)
O178:H18b 4 2 (50)
O178:H19a,b,c 46 29 (63.0)
O179:H8a,b 9 3 (33.3)
ONT:Ha 18 1 (5.5)
ONT:H2a 21 2 (9.5)
ONT:H7a,c 53 6 (11.3)
ONT:H8a,b 38 7 (18.4)
ONT:H10a 4 3 (75)
ONT:H11a 4 2 (50)
ONT:H18c 14 4 (28.6)
ONT:H19a,b 59 34 (57.6)
ONT:H21a,b,c,d 64 8 (12.5)
ONT:H25a 4 2 (50)
ONT:H46a,b 16 15 (93.7)
ONT:H49a 4 3 (75)
OR:H19a 3 1 (33.3)
Total 579 306
a Isolated from beef cattle.
b Isolated from dairy cattle.
c Isolated from buffalo.
d Isolated from goat.
VOL. 48, 2010 NOTES 989
Escherichia coli isolated from diverse sources in Brazil. FEMS Microbiol.
Lett. 274:329–334.
4. Dos Santos, L. F., K. Irino, T. M. I. Vaz, and B. E. C. Guth. 2009. Virulence
profile and expression of subtilase (SubAB) and cytolethal distending V
(CDT-V) toxins in non-human O113:H21 Shiga toxin-producing Escherichia
coli strains isolated in Brazil, abstr. P02.4.1, p. 93. Abstr. 7th International
Symposium on Shiga toxin (Verocytotoxin)-producing Escherichia coli infec-
tions (VTEC 2009), Buenos Aires, Argentina.
5. Doughty, S., J. Sloan, V. Bennet-Wood, M. Robertson, R. M. Robin-Browne,
and E. Hartland. 2002. Identification of a novel fimbrial gene related to long
polar fimbriae in locus of enterocyte effacement-negative strains of entero-
hemorrhagic Escherichia coli. Infect. Immun. 70:6761–6769.
6. Farah, S. M. S. S., E. M. Souza, F. O. Pedrosa, K. Irino, L. R. Silva, L. U.
Rigo, M. B. R. Steffens, C. P. Pigatto, and C. M. T. Fadel-Picheth. 2007.
Phenotypic and genotypic traits of Shiga toxin-producing Escherichia coli
strains isolated from beef cattle from Parana State, southern Brazil. Lett.
Appl. Microbiol. 44:607–612.
7. Irino, K., M. A. M. F. Kato, T. M. I. Vaz, I. I. Ramos, M. A. C. Souza, A. S.
Cruz, T. A. T. Gomes, M. A. M. Vieira, and B. E. C. Guth. 2005. Serotypes
and virulence markers of Shiga toxin-producing Escherichia coli (STEC)
isolated from dairy cattle in Sa˜o Paulo State, Brazil. Vet. Microbiol.
105:29–36.
8. Karama, M., R. P. Johnson, R. Holtslander, S. A. McEwen, and C. L. Gyles.
2008. Prevalence and characterization of verotoxin-producing Escherichia
coli (VTEC) in cattle from an Ontario abattoir. Can. J. Vet. Res. 72:297–302.
9. Khaitan, A., D. M. Jandhyala, C. M. Thorpe, J. M. Ritchie, and A. W. Paton.
2007. The operon encoding SubAB, a novel cytotoxin, is present in Shiga
toxin-producing Escherichia coli isolates from the United States. J. Clin.
Microbiol. 45:1374–1375.
10. Nataro, J. P., and J. B. Kaper. 1998. Diarrheagenic Escherichia coli. Clin.
Microbiol. Rev. 11:142–201.
11. Nicholls, L., H. G. Travis, and R. M. Robins-Browne. 2000. Identification of
a novel genetic locus that is required for in vitro adhesion of a clinical isolate
of enterohaemorrhagic Escherichia coli to epithelial cells. Mol. Microbiol.
35:275–288.
12. Oliveira, M. G., J. R. F. Brito, R. R. Carvalho, B. E. C. Guth, T. A. T. Gomes,
M. A. M. Vieira, M. A. M. F. Kato, I. I Ramos, T. M. I. Vaz, and K. Irino.
2007. Water buffaloes (Bubalus bubalis) identified as an important reservoir
of Shiga toxin-producing Escherichia coli in Brazil. Appl. Environ. Microbiol.
73:5945–5948.
13. Oliveira, M. G., J. R. F. Brito, T. A. T. Gomes, B. E. C. Guth, M. A. M. Vieira,
Z. V. F. Naves, T. M. I. Vaz, and K. Irino. 2008. Diversity of virulence profiles
of Shiga toxin-producing Escherichia coli serotypes in food-producing ani-
mals in Brazil. Int. J. Food. Microbiol. 127:139–146.
14. Osek, J. 2006. Identification of the subtilase cytotoxin gene among Shiga-
toxigenic Escherichia coli isolated from different sources. Bull. Vet. Inst.
Pulawy 50:29–33.
15. Paton, J. C., and A. W. Paton. 1998. Pathogenesis and diagnosis of Shiga
toxin-producing Escherichia coli infections. Clin. Microbiol. Rev. 11:450–479.
16. Paton, A. W., M. C. Woodrow, R. M. Doyle, J. A. Lanser, and J. C. Paton.
1999. Molecular characterization of a Shiga toxigenic Escherichia coli O113:
H21 strain lacking eae responsible for a cluster of cases of hemolytic-uremic
syndrome. J. Clin. Microbiol. 37:3357–3361.
17. Paton, A. W., P. Srimanote, M. C. Woodrow, and J. C. Paton. 2001. Char-
acterization of Saa, a novel autoagglutinating adhesin produced by locus of
enterocyte effacement-negative Shiga-toxigenic Escherichia coli strains that
are virulent for humans. Infect. Immun. 69:6999–7009.
18. Paton, A. W., P. Srimanote, U. M. Talbot, H. Wang, and J. C. Paton. 2004.
A new family of potent AB5 cytotoxins produced by Shiga toxigenic Esche-
richia coli. J. Exp. Med. 200:35–46.
19. Paton, A. W., and J. C. Paton. 2005. Multiplex PCR for direct detection of
Shiga toxigenic Escherichia coli strains producing the novel subtilase cyto-
toxin. J. Clin. Microbiol. 43:2944–2947.
20. Pigatto, C. P., R. P. Schocken-Iturrino, E. M. Souza, F. O. Pedrosa, L.
Comarella, K. Irino, M. A. M. F. Kato, S. M. S. S. Farah, J. F. Warth, and
C. M. T. Fadel-Picheth. 2008. Virulence properties and antimicrobial sus-
ceptibility of Shiga toxin-producing Escherichia coli strains isolated from
healthy cattle from Parana State, Brazil. Can. J. Microbiol. 54:588–593.
21. Sambrook, J., E. F. Fritsch, and D. W. Russell. 2001. Molecular cloning: a
laboratory manual, 3rd ed. Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, NY.
22. Tarr, P. I., S. S. Bilge, J. C. Vary, Jr., S. Jelacic, R. L. Habeeb, T. R. Ward,
M. R. Baylor, and T. E. Besser. 2000. Iha: a novel Escherichia coli O157:H7
adherence-conferring molecule encoded on a recently acquired chromo-
somal island of conserved structure. Infect. Immun. 68:1400–1407.
23. Tatsuno, I., M. Horie, H. Abe, T. Miki, K. Makino, H. Shinagawa, H.
Taguchi, S. Kamiya, T. Hayashi, and C. Sasakawa. 2001. toxB gene on
pO157 of enterohemorrhagic Escherichia coli O157:H7 is required for full
epithelial cell adherence phenotype. Infect. Immun. 69:6660–6669.
24. Timm, C. D., K. Irino, T. A. T. Gomes, M. A. M. Vieira, B. E. C. Guth,
T. M. I. Vaz, C. N. Moreira, and J. A. G. Aleixo. 2007. Virulence markers and
serotypes of Shiga toxin-producing Escherichia coli isolated from cattle in
Rio Grande do Sul, Brazil. Lett. Appl. Microbiol. 44:419–425.
25. Wolfson, J. J., D. M. Jandhyala, L. A. Gorczyca, Z. Qadeer, C. M. Thorpe,
S. D. Manning, J. Hadler, and J. T. Rudrik. 2009. Prevalence of the operon
encoding subtilase cytotoxin in non-O157 Shiga toxin-producing Escherichia
coli isolated from humans in the United States. J. Clin. Microbiol. 47:3058–
3059.
990 NOTES J. CLIN. MICROBIOL.
